Current psychological treatment approaches that rely on time-intensive, face-to-face psychotherapy are not capable of meeting the demand for mental health services. Mental health interventions that promote selfregulation and self-management of symptoms will play an increasingly important role in the well-being of millions of individuals. Self-monitoring is a core assessment and intervention component of many mental health interventions and an obligatory first step in the self-regulation process. The present paper reviews prominent theories of self-regulation and describes classic studies spanning clinical, social, cognitive, and personality psychology, which identify potential mechanisms underlying self-monitoring. At the empirical level, we describe the use of self-monitoring across a range of behavioral interventions directed at mental health and physical outcomes, identify factors that influence the effects of self-monitoring, and suggest ways in which technology can be incorporated into these interventions to improve the reach of psychological interventions.
Introduction
The vast majority of individuals with mental health needs who would benefit from efficacious psychological treatments do not receive them. 1 The failure of current one-on-one treatment modalities to meet existing mental health needs requires economically feasible, short-term and, in some cases, selfadministered or web-based prescriptive treatments that exist outside specialized health care settings. 2 Health care is becoming increasingly patient-centered, moving away from provider-centric models of care to ones in which patients take increasing responsibility for lifestyle modifications, behavioral change, and self-regulation. 3, 4 This may be particularly true for psychological health. 5 The focus of this theoretical and empirical review is the potential utility of self-monitoring for behavior change within the context of mental health interventions. An apocryphal quote often attributed to the mathematician and statistician Karl Pearson, "That which is measured improves," captures the seemingly self-evident and logical conclusion that systematic self-monitoring (the process of measurement) facilitates behavior change.
The evidence for this conclusion will be discussed, first, in light of theoretical models of self-regulation, and then in the context of empirical findings, including recent literature on self-management techniques for mental health utilizing technology.
The review to follow will begin with a brief historical narrative of self-regulation theories. The purpose of the theoretical review is to provide a foundation for identifying potential mechanisms by which self-monitoring operates as a stand-alone intervention. It has been argued that, in an era of rapidly expanding technology, innovation development must be guided by theory. 6, 7 Similar historical narrative reviews in the behavioral medicine literature have applied self-regulation theory to understanding the mechanisms underlying self-management of chronic health conditions. Before proceeding, it should be noted that there exists a vast literature on the self-regulation of physical health behaviors, particularly with the use of technology in managing diabetes, 10, 11 smoking cessation for individuals with chronic medical conditions 12 , and weight management 13 . Although physical and mental health are intertwined, the health behavior literature is largely outside the scope of this review and has been extensively reviewed elsewhere health, the education literature is outside the scope of the present review.
Self-Regulation
Self-regulation models [21] [22] [23] Ultimately, some common threads also emerge among the three major theories of self-regulation discussed here. First, a goal or behavioral standard must exist to guide behavior. Second, and most relevant to this review, self-monitoring is a necessary first step for any self-regulation or behavior change because of the feedback it provides to the individual about his or her current performance.
The Origins of Self-Monitoring in Psychotherapeutic Interventions
Most psychotherapies aim to help the individual shift from more reactive to more purposeful behavior.
Self-monitoring aligns well with this goal because it asks clients to attend to the antecedents and consequences of behaviors. Self-monitoring has been described as "a temporary disengagement from automaticity, or a transition from 'mindlessness' to 'mindfulness'" 29 .
Self-monitoring is used across many psychotherapeutic interventions for a multitude of purposes, from data gathering and reporting, to increasing selfawareness, to functioning as an active intervention that changes future thoughts and behaviors. In the following section, a brief overview will be provided of how selfmonitoring has been used historically in psychotherapeutic interventions. The goal is to provide a foundation for the subsequent section, which describes more extensively recent technological adaptations to selfmonitoring in psychotherapy.
Traditional Behavior Modification
The systematic collection of behavioral data has always been a hallmark of operant behavior modifica- 
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Motivational Interviewing and Brief Alcohol Intervention
Another influential psychological intervention that systematically utilizes self-monitoring is motivational interviewing (MI). 45 MI is a nondirective intervention in which self-monitoring is used to provide concrete evidence of discrepancies between the client's current conceptions of self and their actual behavior, thereby motivating behavior change. Clients' current conceptions may involve biased estimates of how often a particular behavior occurs (e.g., an underestimation of how many drinks ones consume each week, or an overestimation of how much studying occurs during group study time).
Self-monitoring may elucidate relations between a problem behavior and its consequences (e.g., measures
of alcohol consumption with next-day mood and performance measures). MI conforms nicely to Carver's cybernetic negative feedback loop model, 22 in which discrepancies between the current state and some standard engages motivated change.
MI principles have been applied as brief interventions (BIs) for unhealthy alcohol use. 46 BIs often rely on the collection of personal data (e.g., recent drinking patterns) followed by the provision of normative feedback. 47 The goal of BIs is to provide corrective information to address some of the biases that may mediate unhealthy alcohol use. 
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According to Pennebaker and The following section discusses the overall trend in health care towards greater self-management through new technologies and reviews empirical studies that have examined the efficacy of these technologies within psychotherapeutic interventions. , and when BIs are provided online, the results seem to be equivalent to face-to-face methods. 68, 69 However, the literature is more mixed when examining psychotherapy treatment for alcohol use disorders that involve self-monitoring. Rose A test of the Internet-based application Moderate Drinking, 74 which was designed for heavy drinkers, showed reduced consumption rates postintervention; however, the application utilized numerous treatment components, including self-monitoring and goal setting, and it was unclear which components were essential mechanisms of change.
Self-Diagnosis
Smoking.
Technology-based self-monitoring interventions for smoking have been more promising than those for alcohol management. MOMENT, a self-monitoring smartphone intervention for teens who are heavy marijuana users, reduced desire and use. 75 The authors posit that receiving feedback directly after submitting self-monitoring data may have been critical to the intervention's efficacy.
Another promising smartphone application 
Eating Disorders
Studies investigating the efficacy of treatment , and timely feedback 91, 95 . Table 1 . Positive outcome expectancies, namely believing that self-monitoring will effect change, increases the likelihood of seeing an effect.
Variables that Influence the Effects of
Outcome Expectancies
Complexity and detail
The number of different items being monitored and the level of detail required for each item
Increasing levels of complexity and detail seem to have a negative effect on adherence and outcome.
Sufficiency and The level of detail needed to make Only one study has found that a minimum level of Timing Whether self-monitoring occurs before or after the target behavior Monitoring immediately before a behavior is about to occurs is thought to be either better or equivalent to post-behavior monitoring in terms of reactivity effects. interview as well as self-report).
Future Directions
The theoretical and empirical literature suggest that self-monitoring is necessary for behavioral regulation and is indispensable to many psychothera- disorders, where cognition is most likely to be skewed by the very processes one means to better understand, e.g., depression or anxiety. 110, 111 Given the exponential capacity of computers to encode and process information, technology-based selfmonitoring programs also have the potential to personalize medicine in novel and unprecedented ways.
By utilizing an individual's own data in real-time, computerized interventions have the potential to adapt and personalize assessment measures and coping tools.
Technology opens up the possibility for rapid, responsive, iterative adjustments in assessment and treatment, and it is able to do this on a scale that would be impossible in a traditional, face-to-face health care delivery model.
